creased capillary permeability for macro-
molecules.

The importance of protein loss and hypo-
albuminaemia is confirmed by the appearance
of similar gross oedema in protein-losing en-
teropathy (p. 639) in which the kidneys are
normal and there is gross loss of plasma pro-
tein into the gut. The participation of the
renin-angiotensin-aldosterone mechanism is
demonstrated by the very high plasma levels of
aldosterone found in the nephrotic syndrome.

(3) In acute tubular injury, the tubules lose
their capacity for selective re-absorption and
concentration of the glomerular filtrate. Con-
sequently, most of the filtrate is re-absorbed
and the small amount of urine produced ap-
proximates in its composition to a protein-free
filtrate of plasma. There is retention of water
and electrolytes and a progressive rise in blood
urea. Apart from loss by sweating, vomiting,
etc., most of the fluid taken by mouth is re-
tained in the body and unless it is seriously re-
stricted, gross oedema develops.

Acute tubular injury may result from shock
or certain chemical poisons (p. 848). In some
cases of acute renal failure following shock, the
tubules show no convincing evidence of nec-
rosis in a renal biopsy, and it now appears that
hyperactivity of the renin-angiotensin-aldos-
terone system may be of importance (p. 850).

In the various forms of renal disease which
are complicated by arterial hypertension, car-
diac failure is liable to develop with consequent
generalised or pulmonary oedema.

Nutritional oedema

Generalised oedema may clearly be caused by mal-
nutrition. Protein insufficiency seems to be the main
factor, and the extreme example is termed kwash-
iorkor (p. 667). Examination of the plasma shows a
marked fall in glucose, lipids and proteins, the last
being sometimes reduced to half the normal. It
seems likely that a fall in osmotic pressure of the
plasma is the most important factor in the produc-
tion of the oedema, but no strict parallelism has
been found, some cases failing to become oedemat-
ous in spite of severe depletion of serum albumin,
while others show gross oedema with plasma protein
levels within normal limits; also the oedema may dis-
appear before there is any significant rise in the col-
loid osmotic pressure of the plasma. Nutritional
oedema is commonly associated with xerophthalmia,
a condition in which opacity with ulceration of the
cornea occurs, as a result of deficiency in fat-soluble

Disturbances of water and salt balance   251

vitamin A; possibly lack of the vitamin B complex is
also concerned, and the 'wet' (oedematous) form of
beri-beri is perhaps related* A similar form of
oedema has been observed in infants when there has
been excess of carbohydrates in the diet with marked
deficiency in other foodstuffs. In all such examples
of nutritional oedema, the problem is a complex one,
and the relative importance of the various factors
outlined above varies in individual cases.

Oedema may occur in patients with chronic wast-
ing diseases, e.g. cancer, tuberculosis, etc., and is due
mainly to cardiac failure, although fall in the plasma
proteins is a contributory factor in some cases.

Pulmonary oedema

The osmotic pressure of the plasma (25 mm
Hg) is substantially greater than the normal
hydrostatic pressure in the pulmonary capil-
laries (8-10 mm Hg). Consequently, the de-
velopment of oedema of the lungs usually re-
quires a considerable rise in the hydrostatic
pressure. As elsewhere, this occurs, together
with increased vascular permeability, in acute
inflammatory lesions, and inflammatory
oedema is pronounced in severe influenza and
lobar pneumonia, etc.

Pulmonary oedema can be produced readily
in healthy dogs by interfering with the flow of
pulmonary venous blood, for example by com-
pressing the left atrium or ventricle, or con-
stricting the aorta. Similarly, in man, it occurs
in left ventricular failure, as in some cases of
myocardial infarction and in systemic hyper-
tension. In this latter condition, acute pul-
monary oedema comes on especially when the
patient is lying down, probably due to im-
proved venous return from the legs, and perhaps
also to increase in the blood volume by re-
absorption of oedema fluid from the legs when
recumbent. The attack is usually relieved by
sitting up. Chronic pulmonary congestion, as,
for example, in stenosis of the mitral valve, is
not alone sufficient to produce pulmonary
oedema in man. This is probably because reflex
increase in tone of the hypertrophied pul-
monary arterioles protects the pulmonary
capillary bed from excessive rise in pressure.
However, the situation is precarious, and pul-
monary oedema is prone to result from phy-
sical exertion or other factors which increase
the pulmonary blood flow. Chronic pulmonary
oedema may occur as part of generalised renal
oedema, particularly when there is, in addition,